Purpose: This study assessed the needs and gaps in the education, practice and competencies of anesthetists in Ethiopia. Design: A cross-sectional study design was used. Methods: A questionnaire consisting of 74 tasks was completed by 137 anesthetists who had been practicing for 6 months to 5 years. Findings: Over half of the respondents rated 72.9% of the tasks as being highly critical to patient outcomes, and reported that they performed 70.2% of all tasks at a high frequency. More than a quarter of respondents reported that they performed 15 of the tasks at a low frequency. Nine of the tasks rated as being highly critical were not learned during preservice education by more than one-quarter of study participants, and over 10% of respondents reported that they were unable to perform five of the highly critical tasks. Conclusions: Anesthetists rated themselves as being adequately prepared to perform a majority of the tasks in their scope of practice.
GLOBAL PERIOPERATIVE MORTALITY has declined by almost 90% in the past 50 years, with the greatest decline in developed countries. 1 However, many people in low-resource settings do not have access to safe and affordable surgical care, in part because of a shortage of health workers to provide these services. 2 Ethiopia requires a sizable and competent health workforce providing surgical care, given its population of approximately 96 million, 3 and an estimated average of 43 operations per 100,000 conducted within a district hospital catchment population. 4 A caesarian section rate of 1.5% suggests a huge unmet need, 5 and a high rate of road traffic injuries, 6 also point to the necessity for surgical services. Anesthesia professionals in Ethiopia can either be anesthesiologists, who are medical specialists with 91 years of university training, or anesthetists, a cadre with 4 years of university training or 1 year of additional training for nurses. This study focuses on the anesthetist cadre only.
The Ethiopian government has made significant efforts in the last decade to address the shortage of anesthesia professionals by expanding education and training opportunities for anesthetists. The number of public tertiary institutions providing anesthesia education increased from three universities in 2005 to 26 institutions in 2016, including 12 universities and 14 Regional Health Science Colleges (RHSCs).
RHSCs offer a 1-year program leading to a diploma in anesthesia, and universities provide a 4-year Bachelor of Science degree (BSc) in anesthesia. Additional education leading to a master's degree in anesthesia is available and adds to the scope of work for the anesthetists. Information regarding the level of competence that graduating anesthetists bring to their work place is limited. A recent study 7 indicated that some graduating anesthesia students were unable to successfully perform key skills during an observed structured clinical examination.
Data-driven decision making regarding improvements in the pre-service education and in-service training for this cadre is critical in this context. Educators, human resource managers, policy makers, and other stakeholders require evidence to guide decisions regarding curricula revisions, continuing professional development, and on-the-job supervision and coaching.
The Strengthening Human Resources for Health (HRH) Project (2012 to 2017), funded by the United States Agency for International Development, is implementing various interventions at all levels in the health system in Ethiopia. Project objectives include increasing the availability of qualified anesthetists, and building local capacity for continuing professional development, licensure, deployment, regulation, and retention of this cadre. The HRH Project conducted a task analysis study to generate relevant information about the anesthetist cadre.
Task analysis is a descriptive study methodology that can be used to explore the practice of a health profession. Originally used in industry to improve work efficiency, it is used to identify gaps in education, regulation, and practice of health workers, and to provide information for updating curricula, scope of practice documents, and development of licensing examinations. 8, 9 Task analysis data are collected from currently practicing workers, which provides a level of detail not available from curricula, job descriptions, or scope of practice documents. There is limited literature on the use of this methodology for this cadre of anesthesia providers; the authors found only one published study 10 that reported using task analysis to inform government modifications to the education, training, and practice of anesthetic tasks by medical licentiates in Zambia.
The aim of this task analysis study was to provide information to assess needs and gaps in the education, practice, and competencies of anesthetists in the country. The objectives of the study were to identify tasks performed by anesthetists that should be (1) prioritized during pre-service education and in-service training and (2) emphasized during licensure examinations.
Methods
A cross-sectional study design was used. A draft list of expected tasks performed by anesthetists was developed from existing national anesthesia training curricula, job descriptions, national occupational standards for anesthesia, and the scope of practice for anesthetists. A panel of subject matter experts comprising of university and college anesthesia faculty, currently practicing senior anesthetists, and representatives from the Ethiopian Federal Ministry of Health and the Ethiopian Association of Anesthetists reviewed the draft task list. Based on their knowledge of the local context either as educators or practitioners, the experts reviewed the items for inclusion and finalized a list of 74 items of anesthesia-related skills, which comprised the task list for the study tool. The tool also included questions related to basic socio-demographic variables. The tool was translated from English to four local languages (Amharic, Oromifa, Tigrigna, and Somali languages) by a translating firm.
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The study was conducted in six of the 11 regions in the country (Tigray, Amhara, Oromia, Southern Nations, Nationalities and Peoples, Harari, and Addis Ababa City Council). At the time of the study, an estimated 252 anesthetists were providing health care services in the country. More than 92% of them (n 5 240) were working in these six regions. 11 The five regions not included (Gambela, Beninshangul-Gumuz, Somali, Dire Dawa, and Afar) were omitted as a very limited number of anesthetists-only 12-were working in these regions.
Recently graduated anesthetists, who had been in practice for 6 months to 5 years and currently working in health facilities managed by the government, were eligible for inclusion in the study sample. Anesthetists not currently in practice or working in privately managed health facilities were excluded from the study. Anesthesiologists were not included in the study.
We intended to recruit a purposive sample of 20 anesthetists from each region. Regional Health Bureaus sent letters to district health offices in their region, asking them to select anesthetists who met the criteria. However, with the exception of Addis Ababa and Oromia regions, the other regions had less than 20 anesthetists who met the criteria. We therefore requested the Oromia and Addis Ababa regions to recruit additional anesthetists.
From the 240 anesthetists working in the six regions, 140 anesthetists who met the criteria were purposively selected and invited to participate in the study. Efforts were made to survey a range of anesthetists in terms of work experience, educational training institute, and geographic distribution. Of the 140 invited, 137 consented to participate in the study.
Twelve data collectors were recruited, two from each region. Data collectors were trained anesthetists with previous experience in service provision. Supervisors, who included representatives from the Federal Ministry of Health and HRH Project staff, were paired with the data collectors (one supervisor per region), and both the data collectors and supervisors attended a 5-day study orientation and training session that included pretesting of the tools, ethics review, and informed consent.
Data were collected between December 9 and 13, 2013. A data collection workshop was conducted in each target region. Participants completed individual study tools to provide responses for each task in four key measurement areas of frequency, criticality, ability to perform the task, and where the task was initially learned (Table 1) . For questions related to where a task was learned, the participant was asked where s/he had first learned the task-and in instances where a provider had been taught a skill both in pre-service and during in-service, only the first instance of learning (in this case pre-service), was documented. Each tool, which included 74 tasks, took approximately 3 hours to complete.
Data were entered into Microsoft Excel (Microsoft Corporation, Redmond, WA) and exported to SPSS 20 (IBM, Armonk, NY)
12 for further analysis. Data were then cleaned by running frequencies and checking for outliers. Descriptive analysis (frequency and cross tabulation) was performed based on the four measurement variables (frequency, criticality, performance, and location of training). For our analysis purposes, we created the frequency categories of ''low'' frequency, defined as responses of rarely or never; ''moderate'' frequency, defined as responses of monthly; and ''high'' frequency, defined as those responses of either daily or weekly.
Reviewing task categories in combination is more informative than simply reviewing the number and percentage of participants who selected a certain measurement variable for each task. To identify tasks which require additional emphasis during pre-service education and in-service training for this cadre, the authors first selected tasks that were rated as being highly critical (.50% of the respondents rated the tasks as being highly critical, thus important for patient outcomes). The criticality ratings were then cross tabulated with responses related to (1) frequency of performance, (2) location of training, and (3) perceived inability to perform the tasks.
Frequency tasks were selected if more than 50% of respondents reported that they performed them at either a high frequency (daily or weekly), or tasks which more than 25% of respondents reported that they performed at a low frequency (never or rarely).
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Location tasks were selected if more than 25% of respondents reported that they were either ''never trained'' ''trained during in-service'' or were ''trained on the job'' to perform. We also selected all tasks on which more than 10% of respondents reported that they were ''not capable'' of performing.
Cut-off values were determined subjectively by the research team. For highly critical and high frequency tasks, we selected tasks which the majority of the respondents (.50%) reported as meeting the relevant response options. To determine cutoff values for tasks related to location of training or perceived inability to perform tasks, the authors reviewed the frequency tables, considering tasks that were directly related to patient outcomes, and considering current local anesthesia education and practices.
Ethical Considerations
The study protocol received ethical approval from the Johns Hopkins School of Public Health (JHSPH) Institutional Review Board, Baltimore, Maryland. Oral informed consent was obtained from the study participants before administering the study tool. At the workshops, to ensure anonymity, data were collected individually and responses were not shared or discussed among participants.
Findings
Demographic Characteristics
Most respondents were men (74%), and had a Bachelor of Science degree (60%). Respondents ranged in age from 22 to 55 years, with the majority being above the age of 24 years (80.3%). The duration of professional work experience ranged from 6 months to 4.9 years, with a mean of 2.17 years. The largest number of respondents was from the Addis Ababa City Council (34.3%), as is expected given the larger concentration of professionals in urban areas, with the lowest from Harari region (6%) ( Table 2) .
Description of Tasks and Criticality
The 74 tasks included a wide range of activities performed by anesthetists, summarized in the following broad technical categories:
1. Preparation and optimization of patients for surgery and patient safety, eight tasks. 2. Care of anesthetic machines, monitoring related equipment and drugs, seven tasks. 3. Postanesthesia care, three tasks. 4. Emergency and critical care, nine tasks. 5. Interprofessional collaboration and communication, professionalism, management and leadership, and scholarship, 25 tasks. Fifty-four of these tasks (72.9%) were rated by over half of respondents as being highly critical to patient outcomes.
Most of the tasks rated as not highly critical were related to professional, rather than clinical duties (such as ''serve on professional related committees, '' and ''maintain membership in a professional organization''). Similarly, over half of respondents reported that 52 tasks (70.2%) were performed at a high frequency (on a weekly or daily basis). For the 20 tasks that were not rated as being highly critical, there was a wide variation in what providers thought were highly critical versus moderately or low criticality tasks. As an example, for the task ''supervise staff, students, or ancillary personnel, '' 36.5% of respondents reported that the task was highly critical, 43.1% thought it was moderately critical, and 20.4% thought it was of low criticality.
Highly Critical Tasks Not Taught in Pre-service
Fifteen of the tasks rated as being highly critical, were not learned during pre-service education by more than one-quarter of study participants (Table 3) . On the job training was the most common pathway to acquire this skill, with fewer percentages reporting that they never learned the tasks at all or learned them during in-service training.
Highly Critical Tasks Rated as Being Unable to Perform
More than 10% of participants reported that they were unable to perform five of 54 highly critical tasks ( Table 4) . Four of these tasks were also reported to be performed at a low frequency (Table 5 ).
Highly Critical Tasks and Frequency of Performance
More than 50% of participants reported that almost all (45/54; 83%) highly critical tasks were performed at a high frequency (weekly or daily). On the other hand, participants rated 15 tasks as being highly critical, but reported that they performed them at a low frequency (never or rarely; Table 5 ).
The task ''implement necessary procedures to overcome major obstacles and enable safe access and egress at the scene of an incident'' met analytical criteria for inclusion in each of these analyses, indicating that although a majority felt that it was a critical task, it was performed at a low frequency; participants reported that they were not taught the task during pre-service, and reported that they were unable to perform it.
Discussion
Given the critical shortage of anesthetists, the vast size of the country, and limited road transportation, access to health facilities that can provide surgery is difficult for a large part of the Ethiopian population. 13 The study aimed to identify priority areas for revision or updates within the Ethiopian public education and training system for anesthetists, who when adequately trained and equitably deployed, can expand access to anesthesia services. The use of task analysis for similar purposes has been reported elsewhere. 8, 14, 15 Although data related to the frequency, criticality, performance, and location of training were collected, this article focuses on findings that were most relevant to identifying gaps in pre-service education, and priorities for licensure examinations. IST, trained during in-service; NT, never trained; OJT, trained on-the-job; PACU, postanesthesia care unit; SICU, surgical intensive care unit. *Reported that they were either OJT, or NT.
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Provider Perceptions Versus Standards
The 54 tasks rated by providers as being very important for patient outcomes reflect their perception of the current reality of practice. Any differences when compared with expectations outlined in the local scope of practice and occupational standards could inform further discussions and review by key stakeholders, including the Federal Ministry of Health and training institutions, and could guide revisions to the existing scope of work as appropriate.
For the 20 tasks not rated as being highly critical, the wide variation in what respondents reported to be either highly critical versus moderately or low criticality tasks could be a reflection of the variation in the current practices-many of these tasks were related to professional and management tasks, which many anesthetists may not get an opportunity to perform.
The following tasks were not selected as being highly critical by most of the respondents-use of appropriate invasive monitoring modalities (45.3%), perform peripheral nerve blocks and local infiltrations (31.4%), and participate in the management of long-term pain (43.8%). However, based on expert knowledge of the anesthesia training in Ethiopia, and on the expectations for anesthesia service provision in the country, authors who were local experts felt these three tasks should have been rated as highly critical, and may have been underestimated or misunderstood by respondents.
One task (use of appropriate invasive monitoring modalities), was also reported by 58.4% of participants as being one that they were unable to perform. This task was removed from the diploma and BSc level anesthetist scope of practice by the Federal Ministry of Health after this study was conducted. It is now conducted by the Masters level and physician level anesthesia providers only.
Strengthening Pre-Service Education and In-Service Training
Ideally, all highly critical tasks should be covered in pre-service education, ensuring that graduates can proficiently perform the services on deployment. Content taught during pre-service should also be carefully mapped to the tasks that providers ICU, intensive care unit; PACU, postanesthesia care unit; SICU, surgical intensive care unit.
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actually perform on deployment, based on government packages of health services. 16 It is encouraging that out of 54 tasks identified as highly critical, respondents only selected five tasks that they felt they were unable to perform, one of which has since been removed from the scope of practice. This suggests that overall, anesthetists feel confident in their ability to adequately perform the majority of important tasks required of them. Although their perception of performance may not necessarily correspond to their actual performance, which can only be measured through observation, it can be assumed to be a proxy of performance. These four tasks should be prioritized for appropriate interventions such as revisions in the curricula, and an increased allocation of required skill-based practice. Beyond preservice, these tasks should also be considered during in-service training for this cadre.
Participants reported that they were first taught how to perform 15 highly critical tasks either on the job, during in-service training or were not taught how to perform them at all. These tasks are all included in the nationally approved preservice curriculum, indicating that there could be gaps within the training institutions in ensuring that they are covered appropriately during preservice. Most of these tasks are related to ''nontechnical'' skills, which can contribute to safe and efficient task performance. 17 These skills should be emphasized during pre-service education, and further reinforced during in-service training for this cadre to ensure that already deployed anesthetists are provided with the required knowledge and skills in these areas. Addressing the tasks during continuing professional development, 18, 19 supportive supervision and ongoing coaching and mentorship is also recommended. Regular simulation practice 20, 21 and job-site drills can also play key roles in ensuring that learned skills are maintained.
It is worth noting that after this study was conducted, the government held a meeting to revise the occupational standards for diploma level anesthetists, and the task ''Implement necessary procedures to overcome major obstacles and enable safe access and egress at the scene of an incident'' was omitted from the standards given the lack of clarity on the expectations for performance. This could explain why respondents reported that it was performed at a low frequency, that they were not taught the task during pre-service, and reported that they were unable to perform it.
Licensure Examinations
At the time of the study, the government of Ethiopia was initiating the process of introducing and implementing licensure examinations for graduating health professionals, including anesthetists. Task analysis data can be used to develop licensure examinations that have relevant and validated content. The 45 tasks rated by anesthetists participating in this study as being of high frequency and high criticality (n 5 45) should be included in licensure examinations as they indicate standard responsibilities required of each practitioner. They should also be prioritized for ongoing supportive supervision and coaching to ensure that the skills are maintained.
The 15 tasks identified as being both highly critical, and also as being rarely or never provided on deployment are also important for inclusion in the licensure examinations. These tasks highlight activities that providers may not always have an opportunity to perform, yet, they are required to be competent in providing these services if needed, given their criticality.
Although this study did not inquire about reasons why these tasks were not performed, potential explanations could include low caseloads, lack of provider confidence or lack of adequate supplies and equipment, 22 and could vary from facility to facility. Postoperative care and pain management often are not a priority in teaching or practice in resource poor settings because of limited or absent postoperative care facilities and a very limited portfolio of analgesic drugs. 23 We recommend additional investigation to determine factors that could be affecting the provision of tasks that were rarely performed. These tasks could also be prioritized during in-service training, as providers need to be able to maintain their knowledge and skills, even with limited opportunities for practice. 24 Other potential solutions include routine practice on simulation models, or short-term annual practice in other institutions with high case-loads.
Limitations
Although five of the 11 regions in the country were not represented, approximately 54% of the total estimated number of anesthetists in the country were sampled. The unrepresented regions are classified as ''emerging'' regions, which are traditionally rural, remote, and underserved. At the time of the study, there were 12 anesthetists working in these regions. It is possible that anesthetists working in these emerging regions may have different experiences in their reality of practice. A large proportion of anesthetists are currently practicing in urban areas, such as Addis Ababa, the capital city, thus there were greater numbers sampled from these areas.
Conclusions
Given the critical shortage of anesthetists in the country, it is important to prioritize investments in the education and training for this cadre. Investments need to be targeted and result in graduates acquiring the competency to provide relevant services to the community. The findings from this task analysis identify gaps in education and performance, and help to identify areas that stakeholders can begin to address to strengthen pre-service education, in-service training, and the development of licensure examinations for this cadre.
It may be necessary to consider additional and periodic in-service training for specific tasks that are highly critical, but which are either rarely performed or for which inadequate training is provided at the pre-service level. This can be combined with on-site drills or simulation on models to build provider skills, while minimizing their time away from the health facilities.
Findings from the study can also be used to review and refine the national scope of practice document and job descriptions for anesthetists. The authors recommend that a similar exercise be conducted periodically 8 to provide the evidence that the education and training provided for this cadre 434 continues to match the realities of practice and needs of the clients at the service delivery level.
